Background: Human capital (the knowledge, skills, and health that accumulate over life) can be optimized by investments in early childhood to promote cognitive and language development. Parents and caregivers play a crucial role in the promotion and support of cognitive development in their children. Thus, understanding caregiver perceptions of a child's capabilities and attributes, including intelligence, may enhance investments early in life. To explore this question, we asked caregivers to rank their child's intelligence in comparison with other children in the community, and compared this ranking with children's scores on an assessment of developmental abilities across multiple domains. Methods: Our study examined cross-sectional data of 3361 children aged 16-42 months in rural Madagascar. Child intelligence, as perceived by their caregiver, was captured using a ladder ranking scale based on the MacArthur Scale for Subjective Social Status. Children's developmental abilities were assessed using scores from the Ages and Stages Questionnaire: Inventory (ASQ-I), which measures cognitive, language, and socio-emotional development. Ranked percentiles of the ASQ-I were generated within communities and across the whole sample. We created categories of under-estimation, matched, and over-estimation by taking the differences in rankings between caregiver-perceived child intelligence and ASQ-I. Child nutritional status, caregiver belief of their influence on child intelligence, and sociodemographic factors were examined as potential correlates of discordance between the measures using multinomial logistic regressions.
Background
Across the world, over 250 million children under the age of 5 years are at risk of not achieving their full developmental potential because they live in poverty and/or are stunted (low height-for-age) [1] . The first few years of life are a critical time period in which rapid growth and development occur in the brain, and important neural networks and domains reach peak development [2] . Early child development (ECD) is typically characterized by activity in four areas: cognition, motor, language, and socioemotional domains. Exposure to risk factors, such as poverty, during this time period can have damaging physiological effects on the brain, which can affect later adult health and contribute to economic repercussions such as loss of productivity and workforce participation [3] [4] [5] .
Human capital investments (i.e. in knowledge, skills, and health) early in life are important for future educational attainment, workforce participation, and productivity. Parental investment patterns are likely driven by beliefs and perceptions of children's development trajectories, which depend directly on the information and signals that parents receive about their child and the comparison of their child's abilities relative to other children. This feedback could take many forms, and could come from direct observation by the parents or explicit feedback from a child's teacher, tutor, or other caregiver.
Parental perceptions of developmental progress in early childhood have been associated with parenting practices and later child development outcomes. In high-income countries, mothers who have greater knowledge of child development interact with their children more positively [6, 7] and are more likely to provide cognitive stimulation to their children [8] . For example, among preterm infants in the United States, maternal knowledge of developmental norms and milestones was associated with a higher-quality home environment, reduced child behavior problems, and improved cognitive development [9] . Prior research in Israel and Spain has also demonstrated that more positive maternal perceptions of their infants in relation to an average baby were associated with improved psychomotor and cognitive development of the baby in the first year of life [10, 11] . In other studies from the U.S. and Germany, accurate parental perceptions of early child developmental trajectories also predicted more positive temperament and behavior during school-aged years [12] [13] [14] . In another study from the U.S., parental beliefs about how well their child generally learns, thinks, and solves problems in relation to other similarly aged children was strongly associated with the child's math and reading test scores relative to children in the same school on a school-administered test [15] , and parents who believed their child was above average relative to other children the same age invested less (e.g. tutoring, help with homework) than other parents.
While research from lower-income countries is limited, a handful of studies suggests that parental perceptions are just as important for child development in the context of poverty. For example, Nigerian children aged 22-26 months who were rated by their parents as more responsible (i.e. able to purchase items or retrieve specific objects) had greater cognitive scores than children who were rated as less responsible [16] . Research from Malawi documented that inaccurate parental perceptions about children's academic ability in school, especially among the poor, have important consequences on their educational decisions for their children [17] . Namely, when parents were provided with clear and understandable school performance information, they reallocated resources and school enrollment for higher-performing children.
Taken together, the existing research highlights how parents utilize indicators of their child's abilities to inform educational investments. Therefore, understanding parental perceptions of children's developmental abilities, including intelligence, is important for informing effective parenting programs; however, research in low-income contexts is limited. Existing studies from LMICs primarily focus on perceptions of weight and nutritional status [18] [19] [20] [21] [22] [23] , and in general, find parental perceptions in low-resource settings do not align with objective measures. These misperceptions may lead to behaviors and practices that have long-term negative consequences for child health and development.
The present study is based in Madagascar, a low-income country where 77.8% of the population lives on less than $1.90 a day [24] and where 49.2% of children under 5 years are stunted [25] . The government's nutritional program has been in effect since 1999 and is founded on frontline community health workers hosting monthly growth monitoring sessions, during which they also provide mothers of children under 5 years with nutrition, feeding, and hygiene education. To examine the difference between Malagasy caregivers' perceptions of child intelligence and developmental abilities, we asked caregivers to rank their child's intelligence in comparison with other children in the community, and compared this ranking with how children scored on the Ages and Stages Questionnaire: Inventory (ASQ-I), an assessment of children's developmental abilities across multiple domains including gross and fine motor, language, problem-solving, and social skills. In Malagasy, the term 'intelligence' translates to 'sharp mind' and caregivers generally understand it as a broad concept of child development that includes motor skills, problem solving, socio-emotional skills, language and cognitive capacity. Given that the Malagasy use of the term 'intelligence' encompasses similar constructs as the ASQ-I, our objectives were to 1) compare caregiver-perceived child intelligence in relation to other children in the community with how children scored on the ASQ-I, and
2) explore what child, caregiver, and household factors were associated with discordance between the two measures.
Methods

Study setting and design
Given that specific developmental domains of cognition, language, vision, and hearing largely occur in the early years of life [26] , we focus on children under 4 years of age. Cross-sectional data of rural women and children aged 16-42 months were collected as part of the endline evaluation of a cluster-randomized controlled trial in Madagascar in 2016. The sample represents five regions of the country, which were selected because they have some of the highest rates of stunting and food insecurity in Madagascar: Amoron' i Mania, Androy, Atsimo Atsinanana, Haute Matsiatra, and Vatovavy-Fitovinany. A more detailed description of the study design and sampling is available elsewhere [27] . Briefly, the five-arm trial tested the effects of intensive nutrition counseling, lipid-based supplementation, or a home visit parenting program on child growth and development. All pregnant women and women with ageeligible children for the intervention were eligible to participate in the trial. A total of 3560 caregivers and children were interviewed and assessed. The measure of ECD, the ASQ-I, was complete for 3533 children. Missing values for caregiver age (N = 82), caregiver education (N = 14), and child birth order (N = 1) were imputed using baseline and midline values. After imputation, complete data on child-, caregiver-, and household-level characteristics were available for 3361 children.
Outcome
Caregiver-perceived intelligence
We modeled our caregiver-perceived intelligence scale on the existing MacArthur Scale for Subjective Social Status used in adults and adolescents and measures an individual's perceived economic status [28] . The MacArthur Scale has been shown to be an independent predictor of adult health [29] , adolescent self-rated health [30] , and adolescent risky behaviors [31] . In the present study, caregivers were asked to look at a picture of a ladder with rungs labeled from 1 to 7, and asked: "At the top of the ladder are the children with the best intelligence status and at the bottom are children with the worst intelligence status. In your opinion, where is your child on this scale?" Caregivers were asked to focus specifically on the target child of the study and rank the child in relation to other children in the community using their own definition of intelligence. Prior to the survey administration, this scale was extensively pre-tested and the terms were discussed by investigators. The terms "Faharanitantsaina" (intelligence, or having a 'sharp mind') and "Maranitsaina" (to be intelligent) were selected and are commonly used terms in official Malagasy. In focus groups during the pre-testing, the term 'intelligence' was clearly perceived and understood by main caregivers as a broad concept of intelligence and child development that encompasses motor skills, problem solving, socio-emotional skills, language and cognitive capacity. In the instructions, interviewers were careful in asking caregivers to use their own definition of intelligence. Therefore, the subjective ranking was a function of individual and community characteristics.
Developmental abilities
Child developmental abilities were assessed using the ASQ-I, an instrument focused on developmental milestones for children aged 1-54 months across five domains: communication, gross motor, fine motor, problem solving, and personal-social. At the time of this study, the authors were given access to the unpublished ASQ-I instrument courtesy of the Ages and Stages Questionnaire (ASQ) group at the University of Oregon. The validity and reliability of the ASQ-I has since been published [32] , and has also been adapted and validated in China [33] . To adapt the ASQ-I to Madagascar, the authors worked in an iterative process for any changes to item ordering, text adaptations, administration protocols for Madagascar, and coding of items. One of the study authors [LR], a local Malagasy psychologist translated and adapted it to the local context, and incorporated interviewer-observed items. The ASQ-I was then back-translated and reviewed by the ASQ group in Oregon. Three iterations of piloting, testing, and updating occurred before the instruments were finalized. For each ASQ-I domain, a summary score was created, and a total ASQ-I score was calculated by summing across the domain-specific scores. The total, continuous score was age-standardized and controlled for interviewer. In order to compare this scale to the caregiver-perceived intelligence measure, we created seven percentile-based, rank-ordered (from 1 to 7) categories of total age-adjusted ASQ-I score. Given that caregivers used their own definition of intelligence on the ladder scale, their ranking is a function of individual and community characteristics. Therefore, we constructed two sets of ASQ-I ranked percentiles: within communities and across the whole analytic sample.
Under-and over-estimation of child abilities
A difference score was calculated between the ranks of caregiver-perceived child intelligence and the ASQ-I. This score ranged from − 5 to 6 for both the within-community and whole samples. A positive score indicates that a caregiver ranked the child higher on the perceived intelligence scale than the child ranked on the ASQ-I. Given that small differences between the ranks may not be meaningful, we categorized these scores into under-estimation (difference less than − 2), matched (difference between − 1 and 1), and over-estimation (difference greater than 2).
Covariates
Child characteristics
We examined mean-centered child age (in months), gender, and birth order with caregiver under-and over-estimation. We also included height-for-age z-score (HAZ) and weight-for-age z-score (WAZ), measured according to the World Health Organization (WHO) Child Growth reference standards [34] . The WHO defines stunting and underweight as having a HAZ and WAZ, respectively, two standard deviations below the median of same age and sex of a global reference population [34] .
Caregiver characteristics
All caregiver variables are for the primary caregiver of the child. In the majority of cases, the primary caregiver was the mother, but in some, an older relative was the primary caregiver. We included mean-centered caregiver age (in years), education, depression, and belief of own influence on child intelligence in our analyses. We classified caregiver education into (1) Did not attend school; (2) Primary or less; (3) Secondary or Higher. Caregiver depression was measured using an adapted version of the Center for Epidemiologic Studies Depression Scale (CESD), a screening tool used to assess depressive symptoms [35] . The CESD was adapted, translated, and tested before use. The ten-item scale examines depressed affect, somatic symptoms, and positive affect. Items were summed and standardized to create a depression score. A higher score indicates that a caregiver has more depressive symptoms. Caregiver perceived influence on child intelligence was measured by asking "How much does your child's intelligence depend on you?" and categorized into (1) None; (2) Some; (3) A lot.
Household characteristics
We examined the associations of household size, wealth, and stimulation and early learning opportunities with caregiver under-and over-estimation of child development. Household size was reported by the caregiver as the total number of individuals living in the household. To assess household wealth, an asset index was created using principal components analysis [36, 37] . Items in the principal components analysis included housing materials, electricity, toilet, drinking water source, personal property, and livestock. The first component was retained and quintiles of the wealth index were created. We assessed the stimulation and learning opportunities of a household using the Family Care Indicator (FCI) Scale, which has been previously used in a low-resource setting [38] . Using factor analysis, we created an FCI score based on stimulation activities, play materials, and books. Additionally, we included treatment arm and region indicators as control variables.
Statistical analysis
To describe the agreement between caregiver-perceived child intelligence and assessed abilities, we used the Kendall τ b correlation test, a non-parametric measure of the association between two ordinal variables that accounts for tied data [39] .
We conducted multivariable multinomial logistic regressions to examine the child, caregiver, and household characteristics that were associated with caregiver under-and over-estimation of child abilities, setting matched as the reference outcome category. Model (1) included HAZ while Model (2) included WAZ. We used two different samples to analyze discordance: a within-community sample in which ASQ-I percentiles were ranked within communities and a whole sample in which percentiles were ranked across the whole analytic sample. A multinomial model was favored because the test for the proportional odds assumption was violated [40, 41] . Given the high correlation between HAZ and WAZ (Pearson's correlation coefficient, r-= 0.71), we included them in separate models.
We examined collinearity between independent variables, not including HAZ and WAZ, using Pearson's correlation coefficients and variance inflation factors. The highest correlation, using Pearson's correlation coefficient, was between birth order and maternal age (r = 0.65). Multicollinearity was assessed using variance inflation factors (VIF), with a VIF greater than 10 indicative of severe collinearity between independent variables [42] . No independent variable had a VIF greater than three.
Analyses were repeated using only the interviewer-observed items of ASQ-I in order to examine the potential of reporting bias by participants. Ranked percentiles of these items were created within communities and multinomial logistic regressions were performed using this sample. Participants with missing data for any variable after imputation were excluded from analyses. Odds ratios (OR) and 95% confidence intervals (CI) were reported.
Results
The average age of children in our sample was 29 months; over 64% of children were stunted ( Table 1 ). The average age of caregivers was 29 years and the majority (53%) of caregivers attended primary school or less. The distribution of perceived child intelligence was heavily leftskewed, with a large majority of caregivers perceiving their children to be more intelligent compared to other children in the community (Fig. 1) .
The correlation between caregiver-perceived child intelligence and ASQ-I score was weak (within-community sample: Kendall's τ b = 0.15, Asymptotic Standard Error = 0.013, p < 0.001; whole sample: τ b = 0.17, Asymptotic Standard Error = 0.013, p < 0.001). A mosaic plot depicting the joint distribution of caregiver-perceived child intelligence and ASQ-I demonstrated that while a majority of caregivers ranked their child greater than five on the perceived intelligence scale, within each category of perceived intelligence, there was a wide range of child developmental abilities (Fig. 2) . For example, among the 930 caregivers who ranked their children at the highest rung of the ladder (7), the ASQ-I scores for their children spanned the full range; however, of the children in the top rung of perceived intelligence, fewer than 32% had ASQ-I scores greater than 1 standard deviation above the mean. This demonstrated that in the highest perceived category, many caregivers over-estimated their children's abilities.
We analyzed predictors of caregiver under-and overestimation using two samples (within-community and whole) and present results by each sample.
Within-community sample
Using ASQ-I ranked percentiles within communities, 8.2% (N = 275) of caregivers under-estimated and 49.3% (N = 1655) over-estimated their children's abilities. In contrast, 42.6% (N = 1431) caregivers had matched scores.
Within-community under-estimation
Child age was associated with a small, decreased odds in under-estimation of child abilities ( Table 2, 
Within-community over-estimation
For every standard deviation increase in HAZ, the odds of caregiver over-estimation decreased 29% (OR = 0.71, 95% CI: 0.66-0.76), controlling for child, caregiver, and household covariates. Similarly, for every standard deviation increase in WAZ, the odds of caregiver overestimation decreased 20%, after controlling for all covariates (OR = 0.80, 95% CI: 0.74-0.85). In model (1) with HAZ, caregivers with secondary or higher education had 0.70 times the odds of over-estimation 
Whole sample
When we examined ASQ-I percentiles across the whole sample, we found that 7.8% (N = 260) of caregivers under-estimated and 47.1% (N = 1583) over-estimated their child's abilities, while 45.2% (N = 1518) of caregivers had matched scores.
Whole sample under-estimation
Child age remained significantly associated with lower odds of under-estimation, after controlling for all covariates (Table 3, 
Whole sample over-estimation
Similar to findings in the within-community sample analyses, for every standard deviation increase in HAZ, the odds of over-estimation decreased 18% (Table 3, 
Sensitivity analyses
When we limited ASQ-I score to the interviewer-observed items and created ranked percentiles within communities, 8.4% of caregivers under-estimated (N = 282) and 49.8% over-estimated (N = 1675), while 41.8% (N = 1404) had matched scores. In adjusted multinomial models using this sample, we found similar results to the within-community sample analysis (Additional file 1). Greater child age and greater caregiver belief of influence on child intelligence remained associated with lower odds of 
Discussion
In this study in rural Madagascar, caregiver perceptions of child intelligence were not consistent with the ASQ-I, an assessment of child development. More than half (57.5%) of Malagasy women ranked their children's intelligence differently than how their children were ranked based on the ASQ-I. Specifically, about 8.2% of caregivers under-estimated and 49.3% over-estimated their children's development relative to others. We found similar estimates when we used ASQ-I percentiles across the whole sample (7.8 and 47.1%, respectively) and in our sensitivity analysis when we restricted to using the interviewer-observed items of the ASQ-I (8.4 and 49.8%, respectively). Our findings are consistent with the limited published literature on parental perceptions of child nutrition in that there is often a discordance between caregiver perceptions and more objective measures [19] [20] [21] [22] [23] . The inconsistency between perceived child intelligence and the assessment of child developmental abilities may be unsurprising given that caregivers may use different indicators to rank their child in terms of intelligence compared to the ASQ-I indicators typically used to assess developmental abilities. For example, a qualitative study in Malawi on perceptions of child development found that in addition to motor and language milestones, social milestones related to completing chores and taking on community leadership roles were also salient for communities [43] , but are not included in the ASQ-I. Even so, our findings highlight a need for further inquiry into how caregivers conceptualize child abilities at a young age and what, if any, impacts there may be of this discordance on uptake of behavior change interventions. Parents with children with better nutritional status, measured using height-for-age z-score and weight-forage z-score, were more accurate at estimating their child's abilities. This finding was consistent across all three samples (within-community, whole, and ASQ-I interviewer-observed items only), after controlling for key child-, caregiver-, and household-level covariates. Our findings suggest that caregivers who use height or weight as a visual cue to benchmark their child's development compared to other children may be more accurate. Research from Guatemala documented how parents' perceptions about what constitutes 'normal' height at age two influenced feeding practices and may be a function of the height distribution of children living around them in the locality [18] . Given that stunting has been associated with poorer child cognitive development, it may be that in this population, where over 60% of children are stunted, caregivers may be using relative height among children as an indicator of child health and development. The same may also be true for caregivers who use relative weight among children in their communities. Future research is needed to examine whether parental perceptions of child growth predicts child development. Nevertheless, given the strong link between optimal infant and young child feeding practices and early child development, our results suggest the potential benefit of integrating nutrition counseling and child stimulation messages in parenting programs that aim to improve child development. Many existing interventions have accomplished this by integrating responsive feeding with talking with infants and connecting the importance between healthy, nutritious food and child growth and intelligence. However, parents who have inaccurate perceptions of their child's development may be less likely to incorporate such behavior changes in their daily lives if they believe their child is on an adequate developmental trajectory. Therefore, there may be added benefit for child development programs to incorporate direct feedback to parents on their child's trajectory as suggested by work in Malawi [17] . This finding may assist in delivering additional support to those who may be misperceiving their child's development and in assessing program implementation success.
Caregivers with a greater belief that they have an influence on child intelligence were less likely to under-estimate in the within-community and ASQ-I interviewer-observed only samples. In the whole sample, caregivers with a greater belief of their influence were more accurate in estimating their child's abilities. In either case, caregivers with a stronger belief that they can affect their child's intelligence perceived their child's intelligence in comparable ways to children's estimated abilities. If we consider answers to the question "How much does your child's intelligence depend on you?" as a proxy for caregiver selfefficacy, those who believe they have more agency are better at identifying their child's abilities. We may also consider the question as a proxy for caregiver belief that intelligence is flexible and growing. Parents who have greater self-efficacy or believe intelligence is malleable may be more likely to engage in positive parenting practices, which can lead to improved child cognitive and socioemotional development, and also points to the potential to modify parental self-efficacy through interventions [44, 45] . In addition, knowledge of child development is a key component to whether parental self-efficacy affects parenting practices. For instance, among mothers with premature infants in Baltimore, Maryland, parental self-efficacy and parenting competence was positively associated with ECD measures only when there was high parental knowledge of infant development [46] . Given the growing focus on child development in low-resource contexts, future research to understand caregiver self-efficacy, beliefs of child intelligence, and parenting knowledge could identify potential barriers that inhibit behavior change related to child stimulation and development and potential solutions to motivate caregivers.
Additionally, we found that the discordance between caregiver-perceived child intelligence and ASQ-I was lower among caregivers of higher socioeconomic status. Those with secondary or higher education were less likely to over-estimate their child's development and those with greater wealth were less likely to under-estimate. This finding is consistent with the documented socioeconomic gradients and child development in Madagascar such that even in the context of extreme poverty, children from families with greater wealth and higher education performed better on a set of child development measures [47] . Our findings suggest that socioeconomic status may affect caregiver beliefs of child abilities when ranked with respect to other children. In Malawi, poorer and less educated parents had less accurate beliefs about their children's academic performance; however, after they were provided with clear information about their child's performance in school, less educated parents updated their beliefs more than higher educated parents and changed their educational investments [17] . Barriers to accessing school performance information may contribute to inaccurate perceptions among poorer households. In order to mitigate differential educational decisions by socioeconomic status, it is likely important to understand parental perceptions of their child's abilities before they start school. Future research should examine how caregiver perceptions of child intelligence and development vary across socioeconomic status and how these differential beliefs may affect investments in education and home environment in order to target behavior change messaging to caregivers with inaccurate perceptions and encourage educational investments for children early in life to prepare them for school.
Some limitations of the current study warrant discussion. First, this study used cross-sectional data to examine determinants of the discordance between caregiver-perceived child intelligence and child developmental abilities assessed with the ASQ-I; therefore, we do not claim causality. Second, we captured caregiver-perceived child intelligence through one rank-based question with an open interpretation of intelligence. We acknowledge that caregiver perceptions of child intelligence and assessments of children's developmental abilities are context-dependent. Indeed, Harkness et al. emphasize the important link between culture and early child development, noting that settings, customs, and caretaker ethnotheories, or parents' culturally constructed beliefs about child behaviors and development, operate together in a system that continually change and ultimately influence early child development [48] . Future work should incorporate qualitative methods to identify beliefs of child development [43] and consider applying vignettes to anchor the perceived ladder scale [49] . Third, we were unable to assess early child development through direct observation due to cost and time constraints and we acknowledge the potential for recall and social desirability bias in caregiver report; however, when we limited our analysis to the interviewer-observed items of the ASQ-I, our results did not substantially change.
Our study quantitatively compared caregiver perceptions of child intelligence with an assessment of child development in a low-income country using a perceived ranking scale and examined correlates of discordance. Previous quantitative studies have used the Neonatal Perception Inventory to measure maternal perceptions of early child development [10, 11] . This measure assesses parents' perceptions of the newborn relative to their concept of an average newborn in relation to crying, vomiting, sleeping, feeding, and predictability [50, 51] . Others have used the Knowledge of Infant Development Inventory, which examines parents' knowledge of child-rearing practices, Multinomial logistic regression with matched caregiver-perceived child intelligence and ASQ-I ranking as the reference outcome category. All estimations adjusted for treatment arm and region, and corrected for clustering at the village level. Model (1) included height-for-age z-score while Model (2) included weight-for-age z-score. ** p < 0.01, * p < 0.05 developmental processes, developmental milestones, and health and safety concerns [46, 52] . However, these measures primarily focus on early infancy, but early child development extends well beyond this stage. While previous studies have identified that parental perceptions of child health diverge from objective measures, we examined a wide range of child, caregiver, and household factors on caregiver estimation of child developmental abilities. Additionally, our results are robust to using interviewer-observed items of the ASQ-I in a sensitivity analysis, suggesting that reporting bias was not a major issue in our analysis.
Conclusion
Our findings demonstrate a discordance between caregiver perceptions of child intelligence and an early child development measure in a low-income, rural Malagasy population. With the increasing number of parenting interventions and programs in low-income contexts, it is important to consider caregiver perceptions of children's developmental abilities early in life and how these perceptions affect educational investments. Future work should examine whether providing specific feedback on child developmental milestones to parents would alter caregiving or investment practices. Additionally, understanding what factors influence perceptions can provide information on common cues caregivers use on a daily basis to assess child development, which can inform behavior change interventions. Further investigation is needed to characterize how these may differ with researcher-observed measures in low-income contexts. Multinomial logistic regression with matched caregiver-perceived child intelligence and ASQ-I ranking as the reference outcome category. All estimations adjusted for treatment arm and region, and corrected for clustering at the village level. Model (1) included height-for-age z-score while Model (2) included weight-for-age z-score. ** p < 0.01, * p < 0.05
